predict the level and degree of cervical spinal cord compression. Myelopathic hand signs are not diagnostically fail-safe and cannot predict the level and degree of cord compression.
INTRODUCTION
Underreported in the western literature, cervical myelopathy is a common disease within the Asian populations. Pathogenesis includes congenital cervical spinal canal stenosis, 1 prolapsed inter-vertebral disc, impinging osteophyte, ossified posterior longitudinal ligament, hypertrophic ligamentum flavum, and dynamic instability.
Although soft tissue is often the culprit of the compression, only the bony boundary can be depicted by standard cervical spine radiography. Since Pavlov et al. 2 popularised measurement of cervical spine radiograph, a number of studies correlating the clinical condition to the radiographic measurement have been performed. Nonetheless, questions still arise concerning whether lateral cervical spine radiographs offer adequate sensitivity and specificity to evaluate the extent and location of cervical canal encroachment. 3 
MATERIALS AND METHODS
From January 2001 to December 2002, patients with clinical cervical myelopathy who had been referred to have magnetic resonance imaging (MRI) in Kwong Wah Hospital were enlisted. Their cervical spine radiographs and clinical records were retrieved. The cervical spine radiographs were taken with the patients in a eye-level position. There was no predetermined focus-to-film or object-to-film distance. Therefore, the magnification ratio cannot be determined. All the MRI films had a scale printed on the margin to allow translating the measurement into actual size.
A transparent film with concentric circles in 2 mm increments was used to measure the radiograph. The spinal canal size was measured from C-3 to C-7. Three readings were taken on each vertebral level, namely, upper-end plate, the cephalocaudal midpoint of the vertebra, and lower-end plate. When the ossified posterior longitudinal ligament was visualised, it was taken as the anterior boundary of the spinal canal instead of the posterior cortex or osteophyte. The nearest point of the spinolaminar line was then read with the transparent film. This distance was referred as the sagittal spinal canal diameter (Fig. 1) .
The anteroposterior diameter of the spinal cord was recorded from MRI films at the cephalocaudal midpoint of the vertebrae (C-3 to C-7) and at the disc level (C3/4 to C6/7). Clinical information was recorded including demographic data, presence of Hoffman's sign, 10-second test, finger escape sign, and reverse supinator test.
Statistical analysis was performed using Statistical Package for the Social Sciences (Windows version 11.0; SPSS Inc., Chicago [IL], US). Pearson correlation tests, Chi squared tests, and independent-samples t tests were used. All tests were 2-tailed with a significance level set at 0.05.
RESULTS
Of 62 patients who had their cervical spine examined using MRI, only 36 had the complete set of MRI films, cervical spine radiographs and, clinical notes that can be traced. Their mean age at the time MRI was taken was 63.9 years (range, 34-85 years). 20 of the 36 patients were males. Females had a higher mean age than males (68.2 years for females vs 61.2 years for males; p=0.036).
The descriptive statistics on the radiological and MRI measurement are shown in the Table. Of the 36 myelopathic patients, 18% did not have Hoffman's sign, 47% had normal supinator reflex, 39% had unimpaired 10-second test, and 45% showed no finger escape sign. The presence of myelopathic hand signs was not correlated to any radiological assessment, cord diameter, or presence of myelomalacia at any level of the spine cord.
Age and sex were not found to relate to any radiological measurement of spinal canal size nor cord diameter measured by MRI.
At any level, cord diameter was not correlated with sagittal spinal canal diameter. Using the Pavlov ratio did not enhance the correlation. When the sagittal diameter at the upper-end and lower-end plate level was divided by the size of vertebral body using an analogue of the Pavlov ratio, the ratio still did not offer additional association. Using 0.5 cm as a cut-off value for spinal cord diameter between the affected and unaffected groups, the Pavlov ratio did not offer improved predictive value compared to simple measurement. Receiver operating characteristic curve shown in Fig. 2 exemplified the situation.
Judging from independent-samples t tests, presence of myelomalacia did not relate to any measurement on cervical spine radiographs nor the ratio derived. It only related to the cord diameter at that particular level (p=0.001-0.003).
DISCUSSION
It is beyond doubt that an adequate sagittal diameter of the cervical spinal canal is essential for the spinal cord to maintain normal function. As first pointed out by Payne and Spillane, 4 a congenitally narrower canal predisposes to cervical spondylotic myelopathy. This finding was again confirmed in studies on Japanese 5 and Chinese 3, 6 populations. Before the era of computed tomography and MRI, radiography was the sole imaging technique to provide insight on cervical spinal canal encroachment. Even after the emergence of MRI, standard radiography remains the first line of investigation. However, its usefulness has been questioned. Queries have been raised on its ability to accurately reflect the anatomical canal size. 7 The magnification ratio can be altered by both the focus-to-film and object-to-film distances (object refers to the vertebrae). This issue has been well addressed by Boijsen. 8 The difference between 1 m and 1.5 m focus-to-film distance on the resultant sagittal canal measurement is 0.5 mm only. The 5 cm difference in object-to-film distance changes the measurement by 1.2 mm at a focus-to-film distance of 1 m. This 5 cm difference is the mean difference between men and women regarding their different shoulder breadth. Even though focus-to-film distance can be fixed, the object-to-film distance is subject to change, depending on the different shoulder breadths between individuals. Pavlov et al. 2 were renowned for popularising the use of the ratio method, in order to minimise the magnification factor. Despite good reasoning in selecting the sagittal diameter of the vertebra at the cephalocaudal midpoint of the body, they mentioned that a sizable difference in vertebral body diameter might exist. This marked the pitfall of using the Pavlov ratio.
Chen et al. 3 found a difference in both direct measurement and Pavlov ratio method from C-3 to C-6 between myelopathic and control groups. Using the Pavlov ratio did not significantly improve the discrimination rate. They concluded that a difference was found but the difference could not be used to predict the occurrence of cervical myelopathy.
Senol et al. 9 reported that plain films lacked predictive value. They showed that using plain film to measure the spinal canal did not correlate with anatomical measurement, except when the films were taken at the uppermost pedicle level. They placed a cadaveric spine close to the film so as to eliminate the magnification factor. Even after using such a clinically impractical measure, the correlation coefficient was only 0.80 for the uppermost pedicle level. Moreover, the degree of absolute agreement was not shown. When considering the magnification factor, the ability of plain radiography to reflect the true size of the spinal canal is inadequate. In a clinical setting, Blackley et al. 10 concluded that none of the measurements performed on plain radiographs correlated with cervical canal diameter shown on computed tomography after studying 76 subjects.
Compression arises not only from stenotic bony boundary and soft-tissue components, but also from dynamic instability. Because plain radiography is not reliable in determining the true spinal canal size, using it to extrapolate spinal cord impingement would be irrational.
Concerning the clinical examination, the usefulness of Hoffman's sign has been studied. Disappointingly, on its own, Hoffman's sign cannot diagnose cervical myelopathy or predict cord compression in MRI. 11 Our findings are in agreement with the literature.
Past literature suggests that cervical myelopathic patients in general have narrower spinal canals shown on cervical spinal radiographs. Our study brings in additional information for clinicians. It is futile to predict the level of compression by studying a standard cervical spine radiograph of a myelopathic patient. Myelopathic hand signs cannot provide information on the site of compression. However, we do not refute using radiography as the first line of investigation. Its easy accessibility, low operating cost, and ability to show ossified posterior longitudinal ligament make it an indispensable investigation modality.
CONCLUSION
Routine cervical spine radiograph cannot predict the level and degree of cervical spinal cord compression in cervical myelopathic patients. Myelopathic hand signs are not diagnostically fail-safe and cannot be used to predict the level and degree of cord compression when they are present.
